Background. We aimed to identify any association between day and time of admission to critical care and acute hospital outcome. Methods. We conducted a cohort study using prospectively collected data from the national clinical audit of adult critical care. We included 195 428 unplanned admissions from 212 adult general critical care units in England, Wales and Northern Ireland, between April 1, 2013 and March 31, 2015 in the analysis. Results. Hourly admission rates for unplanned admissions varied more than three-fold during the 24 h cycle. Overall acute hospital mortality was 26.8%. Before adjustment, acute hospital mortality was similar between weekends and weekdays but was significantly lower for admissions at night compared with the daytime (À3.4%, À3.8 to À3.0%; P<0.001). After adjustment for casemix, there remained no difference between weekends and weekdays (À0.0%, À0.4 to þ0.3%; P¼0.87) or between nighttime and daytime (À0.2%, À0.5 to þ0.1%; P¼0.21). Delays in admission were reported for 4.3% of admissions and were slightly more common during weekdays than weekends and in the daytime than at night. Delayed admission was associated with a small increase in acute hospital mortality, but adjusting for this did not affect the estimates of the effect of day and time of admission. Conclusions. The day of week and time of admission have no influence on patient mortality for unplanned admissions to adult general critical care units within the UK. Ways to improve critical care and hospital systems to minimize delays in admission and potentially improve outcomes need to be ascertained in future research.
and holidays. A number of organizational factors are associated with patient outcome; these include improved outcomes with 'closed' models of critical care, 1 presence of dedicated intensivists (consultants with dedicated sessions in intensive care as opposed to non-specialist or generalist physicians), [2] [3] [4] high-intensity intensivist staffing, 56 and adequate nursing numbers. 7 Nonetheless, the number of doctors present on the critical care unit, availability of accredited intensivists, and accessibility of diagnostic and surgical services may vary at different times of day and at weekends compared with weekdays. 8 It is imperative to ascertain whether out-ofhours services are adequate to cover emergency care without any adverse impact on outcome for patients. As such, the effect of day and time of admission to the hospital or critical care unit on mortality has been the subject of recent scrutiny and controversy. Organizational factors that may contribute to variations in care throughout the working week should be identified. A systematic review of 10 studies (eight examining nighttime admissions to critical care and six examining weekend admissions) concluded that nighttime admission was not associated with an increase in mortality, although patients admitted throughout the weekend had an increased risk of death compared with patients admitted during the week. 9 The authors acknowledged significant heterogeneity in studies, which was an inevitable consequence of pooled data from eight different countries. Differences in healthcare delivery between countries limit the application to influence health-care policy within a specific country. Within the UK, the effect of day and time of admission on outcome has been examined in 56 250 critical care unit admissions from 1995 to 2000. After adjustment for casemix, neither time of day nor day of week was associated with any differences in mortality. 10 We report an up-to-date analysis of the association between day and time of admission to critical care and hospital outcome for unplanned (emergency) admissions to adult general critical care units in the UK. The objective was to identify any current association between day and time of admission to critical care and acute hospital outcome.
Methods
The study was performed on an anonymized extract from an existing national clinical audit database and thus did not require specific National Health Service (NHS) research ethics review under current UK guidance. The study was approved by the Intensive Care National Audit and Research Centre (ICNARC) Data Access Advisory Group (approval no. DAAG 161148). The ICNARC Case Mix Programme (CMP) has approval under Section 251 of the NHS Act 2006 to process patient identifiable data without consent (approval no. PIAG 2-10(f)/2005). We registered the study on ClinicalTrials.gov (NCT02751164) and uploaded the analysis plan on April 19, 2016 before any data extraction or analysis.
Data
Data were extracted from the ICNARC CMP database. We included data from NHS adult general critical care units in England, Wales and Northern Ireland. Data from specialist units, such as neurosciences and cardiothoracic units, and standalone high-dependency units (independent high-dependency care units without the ability to provide facilities for invasive mechanical ventilation) were excluded. We included admissions throughout a 2 yr period from April 1, 2013 to March 31, 2015. This time period was selected to reflect current clinical practice and address the study question with a high level of precision, and thus no power calculation was undertaken.
We included all patients aged 16 yr or older with unplanned admission to the critical care unit (i.e. excluding admissions from an operating theatre after elective or scheduled surgery, planned local medical admissions, planned transfers, and repatriations). Exclusion criteria were readmission of the same patient to the critical care unit during the same acute hospital stay, transfer from another critical care unit, transfer from another acute hospital, admission for organ donation, and if there were missing data on time of admission, acute hospital outcome, or on key confounders (age, location before admission, primary reason for admission, all physiological variables). For patients who were admitted to the critical care unit more than once during the same acute hospital stay, only the first admission was included to ensure that outcomes were independent.
The primary exposure variable was the day and time of admission to the critical care unit, dividing the week into 14 time periods. It was not possible to correct for any possible confounders relating to variation in organizational factors; a pragmatic approach of dividing the day into routine working hours (08.00-17.59 h) and out of hours (18.00-07.59 h the next day) for both weekdays (Monday-Friday) and weekends (Saturday-Sunday) was adopted. The selected time frames were identified to represent approximate working schedules of medical staff on shift work patterns in UK critical care units. The primary outcome was acute hospital mortality, defined as death before ultimate discharge from acute hospital.
The key potential confounders, identified a priori and adjusted for in the analysis, included age, severe conditions in the past medical history (APACHE II illness severity score definitions), prior functional dependency (categorized as none, some, or total assistance with activities of daily living), number of days from hospital admission to critical care unit admission, location before admission, cardiopulmonary resuscitation (CPR) within 24 h before admission to critical care, primary reason for admission to critical care (by body system), and acute severity of illness (ICNARC Physiology Score). 11 Continuous data were entered as linear terms. Both age and physiology score have previously been shown to have approximately linear effects in the development of the ICNARC model. Details on confounding factors are found in the statistical analysis plan (Appendix 1). Long-term outcome data were not available. Delayed admission to the critical care unit was also explored as a potential mediator of the effect of day and time of admission on outcome. Delayed admission to the critical care unit was defined as the patient for admission remaining outside the critical care unit for at least 1 h despite a decision to admit being made and documented in the patient notes after formal referral and agreement by appropriate staff with authority to admit to the unit. The duration of the delay was defined as the interval between the time of the documented Editor's key points
• Patients admitted to hospital outside normal working hours typically have acute illnesses that increase risk.
• Poor outcomes can occur because of underlying acute illness (casemix), reduced quality of care, or both.
• Statistical adjustment is required to account for casemix when exploring the potential impact of quality of care.
• This study could not identify a 'weekend effect' of critical care in the UK.
'Weekend effect' in critical care | 113 decision to admit to the actual time of admission. Delayed admissions were further subcategorized as a delay of >4 h vs 4 h. Trained data collectors gathered these data as part of routine data collection.
Missing data
Based on previous analyses of the ICNARC CMP database, levels of missing data were anticipated to be very low. Patients missing the primary outcome or key confounders (age, location before admission, or primary reason for admission) were therefore excluded from the analysis. Patients missing other binary or categorical confounders or mediators were assumed to be in the lowest risk category (i.e. no severe conditions in past medical history, no assistance with daily activities, no CPR, and no delay). Following standard approaches, missing physiological parameters were assumed to be normal and assigned zero points in the ICNARC Physiology Score (except for patients missing all physiology, who were excluded).
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Statistical analyses
Continuous data are presented as the mean (SD) or median (interquartile range) as stated; categorical data are presented as the number (%) within each category. In accordance with reporting guidelines, descriptive tables were not subjected to statistical testing. 12 We fitted three multilevel logistic regression models on the outcome of acute hospital mortality (each including a random effect of critical care unit), as follows: (i) an unadjusted model with a single covariate of day and time of admission; (ii) an adjusted model, adjusting for the key potential confounders identified above; and (iii) a model including an additional covariate of delayed admission (no delay, 4 h delay, or >4 h delay) to evaluate mediation of the effect of day and time of admission by delay.
The output of each model is presented as odds ratios with 95% confidence intervals (CIs) and P-values. The variation in acute hospital mortality by day and time of admission is presented as the post-estimation marginal predicted mortality (holding all other covariates at the values observed in the data set, and with zero random effect). The marginal predicted mortality for a given day and time of admission category provides an estimate of the mortality that would be expected (in an average critical care unit) if all patients in the data set had been admitted during that time period.
We conducted the following hypothesis tests on each model: (i) the global effect of day and time of admission (test of homogeneity); (ii) a comparison of weekend (Saturday 08.00 h-Monday 07.59 h) vs weekday (Monday 08.00 h-Saturday 07.59 h); (iii) a comparison of nighttime vs daytime; (iv) a comparison of weekend daytime vs weekday daytime; and (v) a comparison of weekend nighttime (Saturday-Sunday 18.00-07.59 h the next day) vs weekday nighttime (Monday-Friday 18.00-07.59 h the next day).
Results of the hypothesis tests are reported as the P-value (Wald test) and the absolute risk difference with 95% CI (based on linear combinations of the marginal predicted mortalities).
All analyses were performed with Stata/SE version 13.0 (StataCorp LP, College Station, Texas, USA).
Patient involvement
The choice of research question was informed by a recent James Lind Alliance Priority Setting Partnership, which identified 'How can patients who may benefit from intensive care be identified early and admitted to the ICU [intensive care unit] at the right time?' as the highest priority uncertainty to address in critical care research. 13 No patients were involved in developing plans for design, implementation of the study, or advising on interpretation and writing up of results.
Results
Between April 1, 2013 and March 31, 2015, 300 469 admissions to 216 adult general critical care units were recorded in the ICNARC CMP. Of these, 1397 (0.5%) were of patients <16 yr old, and 78 797 (26.2%) admissions were planned. Of the 220 275 unplanned admissions, 24 874 (11.3%) met exclusion criteria, leaving 195 428 admissions in the final analysis ( Fig. 1 ). Exclusions because of missing data are reported in Fig. 1 . As the missing rate was only 0.5% (<0.1% for exposure, 0.3% for outcome, and 0.2% for confounders), we have not broken these down by exposure category.
The mean age of patients admitted was 60 yr, with a mean APACHE II score of 17 (Table 1) . Approximately one-quarter of patients had some degree of prior dependency. Overall, 4% of patients received in-hospital CPR during the 24 h before admission and a further 4% had out-of-hospital CPR. The greatest proportion of patients was admitted with a primary respiratory pathology (25.5% of all admissions).
Hourly admission rates for unplanned admissions varied more than three-fold during the 24 h cycle, with the highest rate at 19.00 h and the lowest around 08.00 h. The evening peaks were lower at the weekend than during the week (Fig. 2) . Overall, similar proportions of patients were admitted to the critical care unit from the ward/obstetric area/intermediate care area and from the emergency department (38 and 37%, respectively) with the remaining 25% admitted from the operating theatre (after emergency or urgent surgery). The proportions of admissions from different prior locations varied during the week, with admissions from the ward most common during weekday daytimes, admissions from the emergency department most common during weekend nights, and admissions from the operating theatre most common during weekday nights.
Delays in admission >1 h were reported for 4.3% of admissions. Delays were slightly more common during weekdays than the weekend and slightly more common in the daytime than at night. Of those patients presenting between 08.00 and 17.59 h on a weekday, 4.7% experienced delayed admission compared with 3.5% of patients on weekends from 18.00 to 07.59 h the next day.
Overall, 18.8% of patients died within the critical care unit and 26.8% of patients died within hospital. Age, severe conditions in the past medical history, prior dependency, number of days from hospital admission to critical care unit admission, location before admission, CPR within 24 h before admission, primary reason for admission, and acute severity of illness (ICNARC Physiology Score) were all independent risk factors for acute hospital mortality ( Table 2 ). The variables included in the analysis were selected on the basis that they predict mortality in the ICNARC CMP. The population in this study represents a significant subset of the ICNARC CMP, and thus, this finding is expected. Delays in admission to the critical care unit of up to 4 h (odds ratio 1.08, 95% CI 1.10-1.17) and delays of >4 h (1.17, 1.04-1.32) were associated with an increased risk of death (P¼0.004).
Before adjustment (Model 1), acute hospital mortality was not significantly different between weekends and weekdays (absolute risk difference for weekend vs weekday þ0.3%, 95% CI À0.1 to þ0.8%; P¼0.15; Table 3 ). However, mortality was significantly lower for admissions at night compared with the daytime (absolute risk difference À3.4%, 95% CI À3.8 to À3.0%; P<0.001). After adjustment for casemix (Model 2), there remained no difference in acute hospital mortality between weekends and weekdays (absolute risk difference À0.0%, 95% CI À0.4 to þ0.3%; P¼0.87), and the difference for nighttime vs daytime (Table 3) . After adjustment, the marginal predicted acute hospital mortality varied from 26.5 to 27.4% during the week, consistent with chance variation (P-value for test of homogeneity, P¼0.61; Fig. 3 ).
Discussion
We have demonstrated that day of week and time of admission have no influence on patient mortality for unplanned admissions to adult general critical care units within the UK. This is consistent with previous findings from the UK from 1995-2000. 10 However, unlike the previous analysis, we omitted elective or scheduled surgery from this analysis because we were concerned primarily with the effect of 'out-of-hours' service provision on unplanned admissions. A major strength of our study is the size and completeness of routinely collected data and the availability of detailed clinical data with which we were able to undertake risk adjustment for several major known confounders associated with illness severity at the time of admission. A systematic review of 10 studies showed that patients admitted to critical care throughout the weekend had an increased risk of death (odds ratio 1.08; 1.04-1.13) compared with patients admitted during the week; 9 although this result was attributable primarily to two studies. 14 15 Other studies not included in that review have also described an increased risk of death among patients admitted out of hours and at weekends. 16 17 Although data from other countries provide useful insight, differences in definition of daytime and nighttime shifts, presence or absence of a nighttime resident doctor, nurse working patterns, casemix, and differences in health-care policy between countries may contribute to differences in outcome. For instance, Barnett and colleagues 14 had specific exclusion criteria of burns and 'some but not all' elective surgery. Uusaro and colleagues 15 note that the physician on call 'most often does not work in the ICU on a daily basis', as possible explanation to variation in outcome between weekdays and weekends. The 'weekend effect' has also been described in various cohorts of critically ill patients. In-hospital cardiac arrests attended by the hospital-based resuscitation team during nights and weekends have substantially worse outcomes than during weekday daytimes in UK hospitals. 18 Likewise, emergency surgical admissions have greater odds of death if admitted during the weekend, 19 and trauma patients may have a greater risk of death if admitted during the weekend compared with a weekday. 20 It is difficult to determine whether an apparent difference demonstrated in mortality is likely to result in publication bias. Retrospective observational studies of unselected hospital admissions to UK hospitals demonstrate a considerable increase in risk of subsequent 30 day mortality compared with admission on a Wednesday (the day of the week with the lowest mortality). 21 22 However, patients already in hospital did not have an increased risk of dying during the weekend. The differences in weekend-to-weekday mortality ratios were confirmed by an independent study that used the same data set as the second study (Hospital Episode Statistic data set from 2013-2014), 23 although there was no association between mortality and with hospital specialist (consultant) staffing levels. 23 The finding that weekend hospital admission has a higher mortality than weekday admission has been challenged, 24 and inaccurate coding in routine administrative data has also resulted in an artifactual increase in weekend mortality rate among acute stroke patients in the UK. The main limitation of our study is that we lack data on the working patterns of the critical care units contributing. Both nurse-to-patient ratio and physician-to-patient ratio have previously been related to patient mortality within critical care. 26 The lack of effect of time of critical care admission on mortality may be somewhat attributable to the presence of a dedicated doctor at all times on the critical care unit, 27 along with standardized minimal nurse staffing levels. Previous research using the ICNARC CMP database found no association between patterns of senior intensivist staffing and mortality in the UK. 8 Other variables that are known to affect mortality among critically ill patients, including time of discharge to the ward, caseload, and level of training of the admitting physician, were beyond the scope of the present study. We acknowledge that any differences in the standard of care in resuscitation and stabilization of the critically ill patient initiated before the patient being admitted to the unit is likely to have an effect on mortality, and no data were available for patients who did not survive initial resuscitation and thus were not admitted to intensive care. The focus in the present paper is on the effect of variation in delivery of critical care rather than on pre-admission care. If grossly inadequate pre-ICU care did exist, resulting in the sickest patients dying before ICU admission, this may account for our findings. However, variables associated with illness severity at the point of admission were collected and may correct for any differences in care before ICU admission. As a delay between the decision to admit and the admission is likely to be influenced by the workload and staffing of the critical care unit, rather than by suboptimal pre-admission care, we would consider it a mediator rather than a confounder for this comparison.
We speculate that although a proportion of critical care units may have fewer staff overnight and at weekends, the 'critical level' of staffing is met to ensure that high-quality care is delivered, with no consequent variation in mortality between weekends and weekdays or between daytime and nighttime. Although we have limited data on what happens before critical care unit admission, we did observe an adverse effect of delayed admission to the critical care unit. Such findings, which may reflect the 'system' or availability of resources, are not unique to our study and provide a clear opportunity to improve services. 2829 The reasons for delayed admission, however, are not recorded within the routine data used and are beyond the scope of the present study. Ways to improve interaction between critical care and the rest of the hospital-wide systems to minimize delays in admission and potentially improve outcomes need to be ascertained in future research. In summary, a small proportion of patients experienced delays in admission, which were associated with increased mortality; these warrant further investigation. After risk adjustment using detailed clinical data, there was no difference in acute hospital mortality for unplanned admissions to adult general critical care units between weekends and weekdays or between daytime and nighttime.
